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ABSTRACT 
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A method aod appirams for forming miCToarrays of biologi- 
cal samples oo a suppon art disclosed. The method involves 
dispensing a known volume of a reagent at each selected 
amy position, by upping a capillary dispenser on ibc 
support uodcr conditions effeaive to draw a dehocd volume 
of tx^uid onto the support. The tppararus is designed to 
produce a microarrjy of such regions in an automated 
fashioj. 
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METHODS FOR FABRICATING porous ocobnoe. Oot amy ixschido pias ibai m desigmd 

MICROARRAYS OF BIOLOGICAL SAMPLES to ^ i oembnot io s ttiggmd fftihioQ. (or ocjiiag so 

amy of 9216 ipots id a 22x22 co area (Lchracb. ci al, 
CROSS*R£FER£NC£ TO RELM^ 1990). A hnouDoo with this approach is that the volume of 

AFPUOOTON 5 DNAspooedificacfapixclof each amy is highly variable. 

lo addiiiOD, the suobcr of amys thai can be oade with ea^ 
Ibis application is a contisuaiioo-ih-pan of U3. patent dipping r uqutlv quite small. 
appUcatioo Ser. Na 08/261^. filed Jua. 17, 1994, and ao alteioate setbod of ataiiag ordered arrays of nudeic 
oow sbaodooed. add sequeoces is described by Pinung, ei al. (1992X aod 

Tbe United Suies govemseoi may have ccnaio rights io also by Fodoi, et al. (1991). Tbc method involves syntht- 
ifac pne^i iovcotiuo punuiaoi lu Grani Nu. HG0CM50 sizing differem oudeic acid sequeooes al diffeivot discrete 
awarded by the Nabooal iastiiuies of Health. rcgtuok uf a support Tku meibwl ecDpluy^ claboraie wo- 

thetic schemes, aod is geoenUv Umited to relauve)>- short 
HELD OF THE INVENTION nucl«« »ad sample, less than 20 bases. A related 

, method has been desciiKd by Southenu ci al. (1992). 

Tte mveBUoo reUtes u> . method, and for « Khnpko. et al. (1991) describes a method of making ao 

fabncaung miaoarrijys of biological samples far large scale oligomicleoiide matiti by spotting DNA onto a thin Uver of 
screening assays, sud, as anays of DNA»ampl« to be used polyaciyiamide. Tht spotting iT done manually with a 
in DNA bybnduaijonattays for genetic research and diag. mioopqwoe. wiu, i 

nosiic .ppliaiuotti. ^ ^^^^ described in tbe prior an 

RgpgRgN C E S V* ^'^^^ f**'^ to*** fabrication of microarrays character- 

ized by (0 a large number of micr^siaed assay regioos 
Abouzied, et aU Journal of AOAC Jntemational 77(2) xeparaicd by a diManoe of .SO-2nO micmm or lc*\ and (I'O 
:495-SO0 (1994). a weU^ehned amount, t>picaily in the picomole range, of 

BobUnder. ei al.. Genomics 13:1322-1324 (1992). 25 assodaicd with each region of the amy. 

Drmanac, el aU Sdatce 260:1649-1652 (1993). Furthermore, cunent technology is directed ai performing 

Crwim m\ ?fl>iur* 2Sl-767.Tn noQU ^ ODc al a lime U) a single amy of DNA mol- 

Fodor, et al. Scxaice ^1.767-773 (1991). j.^^ zx^mpW. tbe most common method for pcrform- 

Khrapko, et al.. DNA St^net 1 J75-388 (1991). ing DNA hybridisations to amvs spotted onto porxm mem- 

Kuriyama, et al^ A/f JSFET BIOSENSOJi^ APPLIED jc involves sealing the membrane in a plastic bag 

BIOSENSORS (Donald Wise. Ed.), Buiterwortha, pp. " (Maniaia4.eial., 1989) or a rotating glass cylinder (Robbins 
93-114 (1989). Scientific) wiih the labeled b>'bridizatioD probe imide tbe 

Lchrach,c! HYBRIDIZATION FDiGEPPPIMlNC IN ******* chamber. For arrays made on noo-porous surfaces. 
GENOME MAPPING AND SEQUENCING, GENOME ^ ■ micmwnpc xlide, cadi array \% inculiaied wiih the 

AMiDSTS, VOL IfDavies and TUgham, Eds.), Cold Spring M l*bclcd hybridization probe scaled under a covcralip. Tbcac 
Harbor Press, pp. 3M1 (199(J). techniques require a separate sealed chamber for each amy 

Maniatis. el at, M0LECU2AR CLONLWG, A UBORA- screening aod handling of many suds 

TORY MANUAL, Cold Sprite Harbor Press (1989). mcoovemcnt and Ume uicosivc. 

NeUon, et al, Namrr Genetics 4:11-18 (1993). j!^!^- " ^"^^^ ' 

n; . 1 ftc P.. Ki^ <i^ifltt Aoor*/ ^ honzomal Imes of anobodies on a miroceUuiose membrane 

Pirrung. ei aL, U.S. PaL No. 5,143^54 (1992). and separating regions of the membraoe with vertical stripes 

Riles, et al., Genetia 134:81-150 (1993X of a hydrophobic material. Each vertical siripc is theo 

Schena. M. et al., Proe, Nat. Acad. Set. USA reacted with a different antigen and the reaction between tbe 

89:3894-3898 (1992). immobUized antibody and an antigen is detecud using a 

Southern, ei aU Genomia 13:100fUl0l7 (1992). suwlanl EDSA calorimeiric lecbniquc. Abouzial'ii icxA- 

niquc makes it possible to screen many ooc -dimensional 

BACKGROUND OF THE INVENTION aimuluoeously on a single sheet of niiroceUulose. 

Abouzied makes tbe nitrocellulose somewhat h>idrophobic 

A variety of methods arc cumoU>- available for making using a line drawn with PAP Pen (Research Products 
am>-» of biok>gical macromolccuJes, such as amys of 5^ Interna lional). However, Abouzjed does noi describe a tecb- 

nudeic acid molecules or proteins. One method for making oology that is capable of completely sealing tbe pores of tbe 

ordered amys of UNAoo a porous membraoe is a "dot blot* niuncelluJfwc. The pofe.<^ of the nitrrcslluUwc are mHI phvM. 

approach, lo this method, a vacuum manifold transfers a cally open and so the assay reagents can leak ihrougb tbc 

phirality, eg., 96, aqueous samples of DNA fmm 3 milU- hydrophobic barrier during extended high temperature incu- 

meter diameur wtUs to a porous membrane. A common baiions or in ibc presence of deiergents. which makes the 

variant of this procedure ts a -stot-blot- method in which the Abouzied technique unacceptable for DNA hybridizatioo 

wclb have highlyHUungated uval shapes. assays. 

Tbe DNA is imtnn^i l tTr d 00 the porous membrane by Porous membranes with primed patterns of hydrophilic/ 

baking Ibc membrane ur exfwng it lu UV radiaiiuo. This is hydrophobic regions exist for applications such as ordered 

a manual procedure practical for making ooc amy at a lime amys of bacteria colonies. OA Life Sdences (San Diego 

aod usually limited to 96 samples per amy. "Dot-blot" Calif.) makes sudi a membraoe with a grid paiicm primed 

procedures are therefore ioadeiquate for applications in 00 iL However, this membrane has tbe same disadvantage as 

which many thousand samples must be determined. the Abouzied technique .^inoe reagents can luill flow lietween 

A more efikxent technique emplojred for making ordered tbc ghddcd anays making them unusable for separate DNA 
amp of genomic fragments uses an amy of pins dipped 65 hybridization assays. 

into the wells, e.g., the 96 wells of a microtitrc plate, for PaQ Corporation make a 96-u'eU plate with a porous filter 

transferring an amy of samples to a substrate, such as a beat sealed to the bottom of the plate. These plates art 
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upaUe of coDiaimng diffcftDi reageots in «cb wcD wiibout pUoe tbe d»peoafig ckvicc at a ioadiug suuon. (ii) move the 

cm»<oDuiDiDiuoo. Howcxxr. eacb wtU isimeocted lo bold c^m^ danoel io tbe device ioto a«kcied rw^^ ^ 

ODiy one itnct clcmcot wmtcs ibcixn^oiioo described toidiaj wuoru lo load tbe dispcosmi dcv^uJ S 

here makes a miaotmy of many bsomolecuks in eacb Ai^^ —paauj^ ocviw wuo loe 
subdividedrtgioDof«beLlidaupirLF«rtbtnDoit.ibe96 , ^n^J^lft^ 

u^UpUtesareatkattlCDthickaodprwcmtbeiueoftbe P«"°"n«<*oflbe$^«^^ 

devics for many cakvimeuic. fiunre»nt and radioactive operate, at the cod of a dtspcnaog cydc. to w.sb ibe 

deiectioo foraats wbicb rcquue tbat tbe iDeobnoe be flat ^« dispcnsiag device at a 

agaiasi tbe dcieaion surface, Tbe ioveotioo described bere uvm, (u) moving tbe cipiliar>* cbaooel lo tbe 

requires do hirtber processing after tbe asuy step since tbe » wb fluid, to load tbe dispensing device with 

barriers elemeou an sballou- and do not loieiferc witb Ibe removing tbe wasb fluid prior to loading 

clcteciioo Kicp. ibereby greatly ini'^^-i'^^ uuoveaiear. **** d»pensing device witb a fresh selected reagcoL 

Hykoj Girpor«iion has dcMaibccl a metbucl uf making an dispeoang device in the apparatus may be one of a 

"aniy of arrays" on a non-portms solid support for use witb of sucb devices wbicb are carried on tbe ana for 

their sequencing by bybridization lecbniquc. Tbe method "'^^^n g different analyte assay lugents at selected 

dcscrft>ed by Hyseq involves modifying tbe cbemisuy of the »P»«d array positions. 

solid sappon material to form a hydrophobic grid pattern ^° another asp e ct, tbe inventioo includes a substrate with 

where eacb subdivided region contains a micioarray of * sorfaoe having a miaoarray of at least 10^ distinct poly- 

biomolecuies. Hyscq's flat hydrophobic panern docs not iKudeotide or polypeptide biopolyxDers in a surface area of 

make wc of phy»cal blocking a.s an additional mearai of ^ ^ ™'- E**-'^ distiod biupulymer (i) ik 

preventing cross contaminatian, disposed at a scpanu. defined position io said array, (ii) bas 

SUMMARY OF TOE INVENTION SrSS^.^ul,'*!!.* w " » » 

oeaDcd aiDouai beiuTca about 0.: femtomoles and 100 

The UN-ewioa icrhirtft, u one upea. a oeibod of form- naoomolea. 

ing a Biaoairay of anaJyte-aasay «gi«»on . .olid «ppon. I„ one embodiment, th: «rface « gj«« Mide ,arfwx 
where each repoD m the array has a knows amount of a « eoated with a poJycatioiuc polymer, such a» poW«i^ 

«te,ed..na.3«..p«aflc«.gm.Tl.em^^ ,be biopolymer. are pojJnucleotidea'^rjTotS^r 

loadrng a soluuoD of a seleaed «,alyu.5p«afic Kagenl m a embodimenl. the suhsir.ic has a waier-impcraelbk 

reagem^pensmg dev« bavmg ao eloDgUe capiHaiy backing, a water-permeable film fomed on thc^S «5 

chaimel (0 formed by •P»«f-«P*n. eoexienstv. elongate a grid formed oo tbe film. "Hie grid « ^mp^^i^^T 
memberv («) 'l^'V^ "» boU a n^anuiy of the reagent » secting w«er-imper««tt grid elects extTS^tom i^ 

solution and (m) havjng a tip rcgmn ai «iucb aqueous backing to positions raised above tbe lurf.ttTf «:h fiiT 

solution in the cham«l forms a meniscus. TV channel is ^ p^LtioH* lil.^^ a^TuraSTy "f waur LplSS 

pieferabD- formed by a pan of spaced-apan upered ele- cells. A biopolyTner array is formed lithin e!^^ 

ments* %,m 

Tbe tip of tlx dispensing device is upped against a «.Iid « ^^^'^oU^L^'^li^o'^^^^^^ 

support a. a defined p««t«n on tbe «ppon *„h an of Tptelity dffiereot-^rnS^mmS^ p^,t^ 

impulse effeajve to break tbe aemscu. in the capiflaiy otides. Tbe substrate indues, in «el«ci.1^a^2^ 

;aO^Tbe.wostep.a..re^.ed„n.il.bedesi.Sa,„V;: ^S^jL-rrSs:^:;^^^." 

_ • . , . . , . , . , coating, where eacb disiina biopolymer is disposed at a 

Tbe melho.1 may be piacuced u ftxmmg a pluraUty uf separate, .leiioal puuuoo in . Jrfaa .my ofLlynuclc- 

such arrays, where the sohition-depositug step is applied to otides. 

a selected position on each of a pltiraliiv of solid sunons at i.. . .i... . i. 

each reneatcvde ' "•'^P"" " 45 '0 Molhet aspect, tbe substrate mdudes a wiier- 

_ . ■ . w , J J «npe™"We backing, a water-petmeable film fonned on the 

tbt dispensmg dev.ee may be kuded wub a n^ solution. backing, and a ghd formed oribe film, where the il 

bytbe«ep»of(Od.p|»ngthec.pillarych.«odoflhedevi^ enmpr«ed of i„.en«U„g w..er..mpe,vU."grid ele«„« 

in a wasb sohmon. (u) removing wash solmmn drawn into extending from the backing to jc^ons raiL abo^toe 

lT£",^l^«:«"itS » «^«oftbefilm.fonningfplur!S^of«r?b.^ym« 

into the new reagent snluiam. .,„y {^n^j^j ^^y, ' 

Atan included in the invention i* m auinmated appa(u» aUo fonniog pan of tbe invention is a oeibod of detect- 

for forming a mwoaxray of .».lyi.^y regions on a i„g differential eip,e«ion of e.e*, of a pluulhTof Be-^n 

pluiahty of »>lid Rippoiu. where ..<* .tgien in tbt «T.y . tat ceU type, with respect to expression ot l^«^ «o^ 

bu.knowB.«uactfasetected,M^^^ „ «» . seand ceU type.l^pncticS tbe meSoTt^if fim 

Tbe wmtus hu a bolder for bokfang. .tknow. po«tioa. p«,uce.l DuonJ^.-labSIl cDNAs fi^m mRN/l i>^u,S 

SeSSTo'Shf.^d'LSS'Sr • Jomtbe,wocells.yp«.wbere.becDNAs£,omti:S^uS 

%r ^ «*" •>■?«» "« »»>>eled vi-itb firu and second difieteni 

Tbt apparatus funbei includes a potiiiooiag stntciurc for fiuoresceni leponen 

£^Sa"'tl?2^*t'rd*L-.'S'^*™^^ * of 'be labeled cDNAs from the n.o«U types 

with lespeet to a suppon in sud bolder, and a dispensing i» added to an array of polynucleotides represeniinT^ 

.tn«ure for oovmg the dspen^Bg doic. into upping plurality of known genes derived from i^e Zl!^^ 

engagement aga.rN a «ppon w.th a seleaed impulse effcc- under enoditions th.f ««.lt in b>*ridiaiion of^ToN^ 

^.^tre^inir^Si^Ta^gr^^^^^ • « rrsrSt^rs':'^'^"^-''^''^^ 

— J b ^ »» »ww B*. u amy b taen cxamucd by fluorescence under fluorescence 

Tbe posiuoning and dispensing stnietuies ate contiolled excitation conditions in which (0 polynucleotides in tbe 

by a control unit in tbe apparatus. Tbe unit operates to (t^ amy that at, bybridiied predomioaiuy to cDNAs dl?ived 
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fiDD ooe of the fim or cecood cell types give a disunet tm UblAlLHU UESCKlKnUN OK THE 

or seoosd fluoresccoce emisuoa oobr, tc^eaively, aod (ii) IKVEMION 

polyoudeotides io tbc tmy Uui ait b>tridizBd to stbaao- . t^^- 

tiUi>* equal oumbcis of cDNAs derived from the fim asd J; 

sccood cell lypo give a " H m ^^ i rri f fluorcsccace i Unlctt mdicaicd otbcrwise, ibe terms defined below have 

emissioo color, rt^>cctively. Tbt fdithx e^rcsiiao of ^olto^ meaninp: 

known genes io Ibe two cell types can then be detennincd by "ligand" refer* to one member of a ligand/ami-ligand 

the observed fluorescence emissioo color of each spot binding pair. Ttt ligand may be, for exampk, ooe of ibe 

These and other objects and features of the invention wfl] oucleic add anods in a annplcmcmary, hybridized nudeic 

become more fully apparent wbeo the fbUowxng detailed JC »cid duplex binding pair, an effector molecule in ao cffeaor/ 

dexTiniitin of ihe in veniiim is read in ainju«aicin with the '««piof binding pair, or an aotigeo in an antigen/antibody or 

accompanying figures. amigea^aniibody fragmeni binding pair. 

The file of this pateni contains at least one chwing "Anti-hgind" refers to tbe opposite member of a ligand' 

executed io color. Copies of this patent with color cfriwing bmdiag pair. The ano-hgand may be the other of 

(s) will be provided by the Piiem and Trademark Office mirietu acul xtranck in a umiplcmcniary, hyhriUi/rd 

upoo request and payment of Ibc necessary fee. °Jf^*^ *'=*^ binding pair, the receptor molciulc in ao 

effeoor/recepcor bmding pair, or an antibody or anu'bodv 

BKJHh' UiiSCKIPnON OK lHh UKAWINGS fragment molecule in amigen/anubody or aniigeo/aou'body 

HG. 1 is a side view of a reagent-<hspensing device ^^^^ i«pcaixxly. 

hiving a opeo-capillary dispensing bead consmicted for use ^' "Aoalyie or "analyie moiccule" refers to a molecule, 

in one embodiment of tbc invention; typically a macromolecule, sudi as a polynucleotide or 

FIGS. 2A-2C niu«raie «eps in the delivery of a fixed- P^yW>««|c. whwe presence, amount, and/or idemity are to 

volume bead on a hydrophobic surface employing the dis- Jl^^""*"^- ' lig.nd/ant»- 

peasing bead from FIG. 1, in acoordanoe with one embodi* „ "9^^ P**'- 

mem of the method of the invention; " -Aoalyie-speafic assay reagent" refeo to a molecule 

FIG. 3 shows a portion of a iwo^ensional amy of ^^^^ ^iod ^dficaUy to an aoalyte molecule. 'Jbc 

analvte-assay regions constjucied according to tbe method I**^* ^. opposite member of a ligand/ami-ligand 

of the invention; Himhng pair. 

RG. 4 is a planar view showing componcms of an k J^"'"*^ of irgium. on a «oUU «ipp,rr is.. Uoe.r or 

automated apparams for forming amys in accordance with " ^'«>-4n«aisional amy of preferably disaeie regions, each 

theioveniion tuvujg a fimte area, formed on the surface of a solid suppon. 

FIG.5shawsafluoresceniimageofanaaual20x20array di^™^C^.? ''"L°^ 

of 400 fluores«nUy.Ubcled DNA samples immobiliied on ^^Zf'!^.Z^''^''' ^^'"^^^ " 

a poly-Hvsine coaled slide, wbere the total area covered by 35 r"J^J^™ " ^ = • microamy have 

rhtW> element amy is 16 square millimeteii; 'J" <^^^^ m the range of between 

„^ c * . • r , e . « 10-250 jMD, aod are separated from other recwna in 

FIG- 6 IS a fluorescent miage of a U cmxX^ em ihe array by about the «me db^rKe. • ^ 

microarray cootammg lambda clones with yeast inseru, the ^ «««« o.rf.«. u^i • - -r 

fluorescent sigoal arisiog from the hybridization to the array drJlS^iS . * 

with approximately half the yeast genome Ubeled with i fcLtS i „^ out suhsun. 

green flucrophore and the other half with a red fluoronbore- ^ tbc area sxre of the applied droplcu That is, tbe 

greco nwropoore uo lo^ owcr mu wiu ■ rea nuwDpoore, surface acts to prevent spreading of the droplei appUcd to tbe 

HG. 7 shows tbe translaaco of tbe hybridization image of surfa« by hydrophobic inicTaSion with tbc dr«lcL 

* "rrir^T^-^ T*" ^"i";^'*^ A -oeniscus" means a aocave or conveTsurfact that 

eiementsomC.6m.aoamya)ntamyea5tDN^ forms on the bottom of a liquid in a channel as a re^tirofU^ 

that have beeo previouslj- physical)}- m^ m the yeast ^ ,cnsion of the bquid. 

^ - r /» c ^ , -Distinct biopolymers", as applied to the biopolymers 

FIG. $ shows s fluore«xnt muge of a 03 cm«OJ em foxing a micioarray. means an amy membcr^^ Z 
nmJi»iT.y of 24 cDNA cloott, ^^rt ^z mj^uarray w.v distinct from other array members oo the basis of a different 

5C. biopolymer sequence, aod/ordiffereotcooccmratioos of t^ 

Aiabidopsts plam Ubeled with a green fluorophore and total or distinci binrrilymer.. and/or different mixtures, of 

cDNA from a transgenic Arabidopsis pUni labeled wuh a distinct or diffcrcot<on«Dirauon biopolymers. Tbus an 

red fluorophore, and the aiTow pomu to the cDNA clone ,„,y of -disiioci poWnucleotides" means ao array 

repr^ong the gene umoduced mto the transgenic Arabi- cxmtaining. as iu members, (i) distinct polynudcoiides. 

P"*^ which may have a defined amount to each member (iij 

RG. 9 shows a plan view of substrate having an amy of differeoi, graded conceotrations of giveo-scqueoce 

celU formal by hirncr elemenu io tbc form of a grid; polynucleotides, and/or (iii) differmi-composiiioo mixmrcs 

RG. 10 shows an eolarged plan view of one of tbe cells of two or more disiioa polyouclcotida. 

in the substrate io FIG. 9, showing an array of polynucle- "Cell type" means a ceD from a given source, e.g.. a 

otide regioos io the cell; ^ tissue, or organ, or a eel] in a given sute of differeouaiion. 

HG. 11 is ao eolarged sectional view of the subyrate in or a cell associated with a given pathology or gcoetic 

FIG. 9, takeo aloog a scctioo lioe io that figure; and makeup. 

FIG. 12 is a scanned image of a 3 cdx3 cm nitrocellulose Method of Micmarray Formation 

solid support cootainiog four identical amys of M13 clones This section describes a method of forming a midoarray 

in each of four quadrants, wbcrc each quadrant was hybrid- 63 of analyic-assay regions oo a solid support or substrate, 

xzed simuliaoeously to a differem oligonucleotide using an where each region in the array has a known amount of a 

open face hybnriizatioo method. selected, aoalyie*spedfic rtageiu. 
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HU. J illusuaiesjin » partially schemaiic view. a «gMi. ud .way inm ibe substrate surfwc. a^. aon«ta»y 

dapensiDg devw 10 ««ful u pneueiag ibe oeibod. "nie eooua wjib ibe $urfa«. is efleei. uppuTtbe tioof The 

dev.. geoerdly «dudc» . rtagen. dispeuet 12 b.ving „ dispeoK .g,i« ibe support surlket. T^uppiok oov,. 

eloogate opeo apfllao ebaaad 14 adapted u> bold a quo. oca of tbc tip igunsi tbc surf» .en » brcik^e "quid 

SI'f "J5I^1*?V"'"'^ * ««i«e«iotbe.ipch««LbriBsinstbeliouid",be,^^^ 
be described betow. TU apOMTy cbaooel u fonoed by , canaa ^ u,e B,ppon smf..^. ioTn 

pair of spaeed^apan. cocxieasive. eloBgaie oemben 12a. flowing of Jbehtpiidiao Ibe capiUi«i,ee»w,lB^ 

12b wbieb are ttpe«d ooe aooiber aod coovoge a. idte surt.ce.'wUog u> <i:J^^oToT^^^, 

aiiportipregwol8aitbele«-ereodofibeebaBBel.More channel, is seen ia nc. 2B. •> oi u»e mspenser 

generally, tbe open cfaansel is formed by at least two « rg 3rrtifiu«<i«B,«f«..M« w • 

ebngaie. spaeed-epan meabes ulspied to bold a quantity *^ ^ j^^P ««» «be sippon 

of resBentsoluioDS and having » up rcsioo at whicb f™*-_r»«^ » «'"» f»« •» • bvdtopbobic surf.ct. The 

w nagMii wjiuiwB ■«< ih>ihb . up regsn ii wwcs fjg^ iBuSUtleS thai lUttid COaliBtteS to flow fmm Ik. 

the coneaxx meniscus iUusuated at 20 in HG. 2X Tbe S^i^s a^o^lTfrJ!?^ " * 

:?S^'Sor « £Sdn;'SAfol»'^S;L';S'rbSS^^^^ 

U,.h««tinued,efe.»..onG.l.bedispen.erde^ SS^S^r^u" tiS?,:Lt5:i::S£^^ 

also inehides struaure for aoviog Ibe dispenser rapidly and by tbe suif«iensk)n of the diopteu which lends 

tow»nJ and awiy Crem a suppon suifaa. tor efieoing , p^n bead cur^•a«uTC. At Ibis point, a riven b^ voh^ 
depoaboDofakaowBsnKMiotofseiuioniotbedispeoseroB » wiU have formed, sad eooiinuedanisa of the d^~rri» 

• support, as wiU be rtesaibetl belowwiih lefetens to nCS. with the heaTu^tbe too^Ti^^i!. il.SST ^ 

2A-2C. In tbe cabodimcn. shown, tbi, struaurc include, . SleTnTefefS^d 1^ ^"^"^ 

solenoid 22 which is aetA'aubk to draw tsokooid piston 24 r., i:^.;^^- 

rapidly downwardly, then release tbe piston, e.g, under iJ^l^J^'^? hydrophflic surface, the 

s^ing bias. 10 a t^roaU raised posid^ as^JWn^ « ^T^Z^"^*'*^'^^^'^'^^'^ 

dLpenser is earned on the pision by a conneaiog member £!^,^T '^'^ "* ""^ 

26. as shown, "nie just-deseribed moving stniemre 8 also ^.^ .««»««>«»<« ««>»«>• of the suppon 

dispenser into engagement with a solid suppon, for di^m. . ^ tlepuauuo volume, Le.. bead volume. furmeJ 

iag a known volume of fluid on Ibe suppon. X ^ ™ » preferably in tbe range 2 pi (picoliien) to 

•Ibe dispensing d.vic j«« described is c«n«J on an am STSSL-"!?^^'!!'^ .» high a. 100 cl or mo« 

2» thai may be moved either linearly or in an x-y plane le ?ul-Lr'^ Hj»^ appitcuied that the seleaed 
position the dispenser st a seleaed deposition pL^iiS^ u SS!^.'^'""".!^ ~ ® "^'P^'' 

be described P<«u<». as dispenser Up. w, the size of Ihe area spumed by Ihe hp. (ii) 

nCS.2A-2Cmustr.«Uieacihodofaeposiiing.lmown « 
.moun.of,eage«joh.hooaibe^^Vddispenseroa .npport «rfaec. In addition. S^^lX ll^t 
the surface of a sobd smon, u the wppofl ««dia.ed jnaea^ns tbe viscosity of the mediS eff^vSelTSiS 

«.pponh.v«ga surfMe md,cied.i31. »>rf«ce. m drop sia may be hm^^Mtnined by d^I 

iDone general embodimat. Ibe surface ts a leUtively iting the drop in a faydrophilic region surnninded by a 

bydropbilic.i.e..wctublesttifaa.saebu a surface having hydrophobic grid paiiere on the suppon surface 

native, bountl or ajvalaily aiucbetl charge.! gw„p». One in . .ypical embcdimenu ibe dispenser tip is tapped 

such surface described below u a glass suifaee having so rapidly ,«in>ii the winoun Iirlice ^ih. I • i 

layer of a polycatiomc polymer. ««* as poly-l- ^ Zci i;r^rs;;:?oTi::lVriiurr.^^ 

• V ^ . and a rate of upwanl travel from the surface of about 10 

In another embodiment, the .surface has or is formed to catec. 

have a relatively hyd^.ic efaaracter. i*, one that cau«e« Assuming that tbe bead that forms on ontaa wiib tbe 

aqueous meditim dc^ed on Ibe surf«x to bead. A variay »„rf.ee « , hemi.^hcrical Ixad. with a d"me.er ^.oS. 

of kno»T, hydrophobic pol>-Ben. «,cb .. polysyrene. k. mateb' equal to tbe width of the dispenser lip. as sh^ i^ 

polypropylene or polyethylene have de«>ed bydropbobic RG. 2C. tbe volume of tbe be^fa^ ii S 

pf^enie^ as dogUssand a varKiyoflubricuiioroite dispenser tip width (d) is given in Table 1 bdow >C seel ite 

hydrophobic films Ihst msy be appb«> to tbe s^on m,. vol^e of the bead ranges between 2 pi 1^2 d «tSl^S 

' W2e is iDcreued from about 20 to 200 mn. 

Initially, tbe dispcDser is loaded with i aelecied asilyie. 55 

spcdJic rcageoi liuluiiun, liucfa sk by thppiag Ibe dixpecBEr TABLE 1 
dp. tfier wasbio^ into « iduiioo of tbc ru^t. ud 
aUowiog fiUiog by capiUary flow into tbe dispeoser dunoel. 
Tbe dispeoser is oow moved 10 1 seleaed positioo u-itb 
respect to a suppon surfioe, pladog tbe dispeiser tip 
directly above tbe support-surface positioD at whicb tbe 
reageat is 10 be deposited. This movenieot talces place ^itb 
Ihe dnpcmer tip in 'ti% rai!«d pt»iiion, a5 seen in FIG. 2A, 

^.h the dispenser so portioned, solenoid 22 is now " ~S J^^f-o^^^^ 
aaivsicd to cause ihe dispenser lip to move npidly lowarri ing rale of movemeoi of the i^ away from the surfaa. 
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aod'or iDcrtasing the \-isoo$ity of ibe me^nun. Once tbese Sokooid 7* is voder tbe coouol of a cootrol umt 77 wbose 

puuseten are fixed, t ceiected deposiuoo vohuse is ibe opcntioo wiU be rip«nbcd bebw. Tbe soleooid s Also 

desired pi lo al rtage oo be achieved io a rcpeauble referred to bereio as dispeosiog oeau for CDOviog tbe device 

fashion. isto tapping engagement with a support, when tbe device is 

After depoftiting a bead ai ooe sclcacd locatioo on a < poBtioocd at a defined amy position ^ixh respect lo that 

stippon, the tip is typically moved to a oonesponding support 

position on a second supporu a dreplet is deposited at thai Tbe dispeiser device is curkd on an arm 74 u-hicfa is 

position, and this process is repeated nntil a liquid droplet of ihreadedly mounted oo a m-orm soew 80 drrvee (routed) io 

the reagent has beco deposited at a selected position os each a dearcd 6reaioo by a stepper motor K2 also uoder the 

of a plunlit>' of sippons. sc cootrol of unit 77. At iu left cod in the figure scrw 80 is 

Tbe tip is tbeo wasfaed to remove tbe reagent liquid, filled cameJ in a kIccvc M for muiiivi ahtiui the surw aiU. Ai 

with another reagent liquid and this reagem is now deposited its other end, the screw is mounted to the drive shaft of tbe 

at each another amy position oo each of the supporu. In one stepper motor, wbich in nun is carried oo a sleeve g6. Tbe 

embodimenu the tip is washed and refilled by tbe steps of (i) di^nser device, worm screw, tbe rwo sleeves mounting tbe 

dipping tbe capillary chatsel of the device in a wash worm screw, and tbe stepper motor used in moving tbe 

solution, (ii) removing wash sohtdao drawn into the capil- device in the ^ (borizonial) dtrectioo in the figure form 

lary cbanoeL and (iii) dipping the capillary channel into the what is referred to here colleaively as a di^lacemeni 

oeu' reagent sohitioo. assembly 86. 

From tbe foregoing, ii will be appreciated that the Tbe iln^latrmeni aaucmbly is cuiKtruactl lu prixlutx 

rwecTerulikc, npen^pillary dinpemer tip prnvidcK the ^' prcdac, micro-nngc mo\xscnt io the dircaion of the screw, 

advantages that (i) the open channel of the t^ faciliutcs i-e^ along an x axis in the figure. In ooe mode, the assembly 

rapid, efficient washing and drying before reloading tbe tip funaions to move tbe di^nser in z-axis inciemenis.baving 

with a new reagent, (ii) passive capillary aaion can load the a selected distance in the range 5-25 >an. In another mode, 

sampk directly from a standard micromxD plate while the dispenser unit may be mox'ed in precise x-axis xncrc* 

retaining sufficient sample in the open capillary reservoir for ^ meas of several microns or more, for positioning tbe 

the printing of numerous arrays, (iii) open cspiliaries are less dixpemer at asmcisted pmitinm nn adjacent xuppnm. a-^i 

prone to clogging than closed capillaries, aod (iv) open be described below. 

capiUaries do not require a perfectly faced bottom surface The di^Ucemcoi assembly, in mm, is mounted for move- 

for fluid delivery. mem in the •y" (venical) axis of the figure, for positioning 

A ponioo of a microarray 36 formed on the surface 38 of ~ the dispeoser at a seleaed y axis positioo. Tbe suucmre 

a solid Mjppurt 40 io aiumlanue with the method jiea mounting tbe asKmbly inchidcs a fixed rod 88 mourned 

described is shown in FIG. 3. Tbe amy is formed of a rigidly between a pair of frame bars 90, 92, and a worm 

plurality of analyte-specific reagent regioos, sucfa as regions screw 94 mounted for rotation between a pair of frame bars 

42. wbere each region may include a dilferem analyte* 96, 98. The vmrm sctzw is driven (muted) by a uepper 

specific reagenL As indicated above, tbe diameter of each * motor 100 wfaicb operates uoder the control of unit 77. Tbe 

region is preferably between about 20-2UU /on. 'Jbe spaciog motor is mounted oo bar 96, as shown, 

between each region and its closest (ooo-diagonal) neighbor. Tbe struaure just described, including worm screw 94 

mca.*ured fmm cenicf-to-cenicr (indicated at 44), w prefer- and motor 100. is consuuaed to produce precae, micro- 

ably is the range of about 20-400^™. Thus, for example, an ^ range mnvemeni in the direction nf the .wew, ix., alnng a 

amy having a center-t£xewer spacing of about 250 >an y axis in tbe figure. As above, the struaure functions ia ooe 

contains about 40 regions/cm or 1,600 regions/cm*. After mode to move the dispenser m v.axis iocrcmeota having a 

formation of the anay. the support is treated to evaporate the selected dikUncc in tbe nogc 5-250 /<m, nod in » hccuoil 

liquid of the dropJet forming eacfa region, to leave a desired mode, to move the dispenser in precise y-axis increments of 

amy of dried, relatively flat regions. This dr>Tng may be ^ several microns C«n) or more, for positioning tbe dispenser 

dooe b>' beating or uoder vacuum. at associaied positions oo adjacent supports. 

In some cases, it is desired to firs refaydrate tbe droplets The displacemem assembly and struaure for moving this 

containing the analyie reagents to allow for more time for assembly in the y axis ait referred to herein colleciKel>- as 

adsorption to the solid support. It is also possible to spot out positioning means for positioning tbe dispeming device at a 

the analyie reagenw in a humid envirtwifneni.vi that dmplew ^ selected amy position wiib respect to a support, 

do not dry until the amying operation b complete a holder 102 in the apparatus functions to bold i plurality 

m. Automated Apparatus for Forming Arrays nf suppnav Mich ax ^uppnrt^ 104 on which tlv micmarrayK 

In another aspect, the iovcntioo includes an automated of reagem regions are to be formed by tbe apparatus. Tbe 

apparatus for forming an array of analyu-assay regions on bolder provides a number of recessed slots, such aa slot 106, 

a solid support, wtne each region in tbe amy has a known 55 which receive the supports, aod position them at precise 

amount of a seleaed. analyu-spedfic reagenL selected positioos with respect to the frame bars on which 

The apparatus is shown in planar, and partially schematic the dispenser moving means is mounted, 

view in FIG. 4. A dispeoser device 73 in the apparatus bu As noted above, the control unit in tbe device functions to 

the buic construaion described above with respect to FIG. aouaie tbe two stepper motors aod dispenser solenoid in a 

1, and inrhidrs a dispenser 74 having an opeo-capiHary sequence designed for automated operation of tbe apparatus 

channel terminating at a tip, substantially as shown in HGS. in forming a selected microanay of reagent regiois 00 each 

1 and 2A-2C of a plurality of supports. 

The dispenser is mourned in tbe device for movement Tbe comrol unit is constructed, according to oonventiooal 

toward and away fmm a dispensing position at wbich the tip microprDcessor control principles, to provide appropriau 

of the dispenser ups a support surface, to di^nsc a selected C3 signals to each of the solenoid and each of the stepper 

volume of reagem solution, as described above. Tbis move- motors, in a given timed sequence and for appropriate 

mem is effected by a solenoid 76 as described above. signalling time. Tbe coosvuaion of the unit, and tbe settings 
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thai m Kiecttd by ibt i«r lo achieve a teired amy llie ocmmictioB of nbstraie is sbowo ooss^oaaDv 

paiicro. wiU be unrtcmoocl from ihc foitowxng deaa^uao of id RG, U, which is ao enUrged seoiooal view ukw Vloni 

a typical apparatus opcrauon. view hoc 124 in RG. f . The substrate iochidcs a waic^ 

IniiialJy, ooe or more appons are placed io ooc or ZBore impenDeable hadd^ U6, such as a glas slide or riaid 
skoisio the bolder. The dispenser u then tDoved to a positioo 5 polyaw sheet. Fonaed on Ibc surface of the backinc S a 

dirccUy above a weU (oot ibowo) coouimog » aoluiioD of waier-pcroeabk filo X28. The film is formed of aporous 

the fiisi reagcot 10 be dispeated oo the aippon(s). The membrane maicrial such as nitmcsllulme memi^ranror a 

dispenser solenoid is actuated now to lower the dispenser tip porous web material, such as a nvlon, polvpropvlene or 

iato this weU, causing the capillary channel in the dispenser PVDF porous polvmer maieriiL Thi »Ki^Vf^ of the fili is 
to fill MoiDis 82, 100 are now aauatcd to positioD the „ preferably between aboui 10 and 1000 xaa. The film ma v be 

dispenser at a aeJected amy position at the hnt of the applied to the backing by ^riving or coaiinc unciired 

»oppuru. Soienuul aauauuo of tiK ihspcfficr is then eUa:- material on tbe backing, or bv applying a preformed mem- 

bve to dispense a aeleaed-volume droplet of that leagent at bnne to the backing. The backing and fihn may be obuined 

this k>caik)n. As noted aboxx, this operatna is effecnvc to «« preformed unit hom commercial source ex a elastic 

dispense a selected vohime preferabb' between 2 pi and 2 nl backed mtroccQulcfie fihn available tom ScUeie^er .ad 

of the rtageni solution. 35 SdiueD Qwporition. sdo 

Tbe di^>enser is now moved to the corre^nding position Wtb contioued reference to RC. U, the film*CDvered 

ai an adjacent support aod a similar vohmie of the aohxtion mf»oe in the substrate is partitnncd mto a desired my of 

is dispensed at this position. The process is repeated until the ^eUs by watcr*impermcable ghd lino, sucfa as lines 130 

reagent has been dispensed at this preselected cone^nding ^* ^'^^ infiltraud the film down to the level of tbe 
poMiion nn each nf the wppnrts. 3C badcing. and extend above the surface of the film as shown. 

Where it devired 10 di.^me a single reagent at mrve W^aUy a disunce of 100 to 2000 ><m above the tihn 

than two amy positions 00 a support, the dispenser may be so^ce. 

moved to different array positions at each support, before *^ '^"^ *^ fi»nned on the suhsirau: by laying U*iwn 

moving the dispenser to a new suppon. or sohttkso can be ^ tmonnd or otherwise fiowable resin or elastomer solutioo 

dispensed at individual positions on each sapporu at one ^ ^ *° ^'^Y alk>wing tbe material to infihraie the porous 

selected position, then the cycle repeated for each new amy ^ ^ ^ backing, then curing or otherwise harden- 

position. "V ^ lines to form the celKarray sufasuate. 

To dispense tbe ocxi rcsgcnu the dispenser is positioned ^ preferred material for the grid is a fiowable silieooe 

over a wash sohitioo (not sbownX and the dispenser lip is •vailabtefrom Loctiie Corporation. The barrier material can 

dipped io and out of this sohttion until the reagent aohxtion ^ • earuded through a narrow syringe (eg., 22 gauge) using 

has been substantially wubed from the tip. Solution can be **f ptc»re or mechanical pressure. Tbe syringe is moved 

removed frum tbe lip. afiei each dipping, by vaojum, ^^H^ »ttpport to print the barrier elements as 

compressed air sponge, or the like ' *^ p«ticna. The extnided bead of silicone wicks into tbe 

The di^cnscr lip is now dipped in a second reagent wclL « ^^^l "^"^ cures to form a shaUow 

and the filled tip is moved to a second seleoed amy position tepmuag the regions of the solid sup. 

in the firsi support. Tbe process of di^ensing reagent at each ^T" i 1^ ^. 

of tbe cctresponding Kcood-amy positions is tben carried " »*««muvc embodunents, tbe barrier element cao be a 

out as above. This process is repeated until an emire taaienal or a tbermoset material sucfa as epoxy. 

micToamy of reagent solutions 00 each of tbe supports has . . *^ ^ * UV-curiag polymer which 

been formed. 40 «n expi,«l u, UV hghi after being printed imu. the M>lic] 

IV. Miaoamy Substrate «upporL Tbe bamcr material may also be applied to the solid 

a microamy of biological polymers carried on the substrate ikZ .w^..* . - C- , • oc»i.»c4i «ampmg ox 

idcoueal oieiDmiy. of disuoct biopolynen. suet ts dis- .dbered to tbe soUd wppon « otberwse 

Doo B deterto 1 m»Dainy of disua polyoueleotides ,uppon eu be vinuaUy «oy porou* oembr.M wi^or 

f M^sjiiTstlt • * '•'=^8 »e«bro;^"«7«da; 

«r 0 H . . ^ ■ ^ »v«l»bl*froaiDuaerou*veodon«Dd.reB«de£iomByk)n 

FlC.9dtnKnt«,«,ptaBv«;jj^«bar.ieU0eo(«nicted PVDF. polysulfooe and tbe like. Id ao Xroaiive 

.o»Rlu>8 10 «»« «fv««MJ»- « 8«12 eobodnneou the barrier element may aUo be ««ed to adbLre 

recUDguU, .nay U2of oelb. «cb tscelUm. U<. fonacd tbe poa,u» menbranc to a DOD-ponni backiaj io addi^itw 

» f«»wio«iaga»aba»rierioprevewcm»«D..Lab"Ttte 
suebtteellU4,iatunRpporttafflienamyUfofdistiact auay reaeeais. •mjdmoo 01 we 

li^.^J^J"J^I^ " P"*'""'-'?*'^"* emNxlimenu the «.lid support can he ..f 

iacmt. 'ddtsabk legnis of tbe luaoaiTay. 1W such a ooo-porous material. The bather car, be printed either 

region, fonmng Ibe mKwmy .re »d«ted .1 UO. and before or after tbe m,cro.rr.y of bk.»olecules is printed* 

conespood 10 regions. «k± as regions 42. forming tbe «u tbe solid suppon Bpnoieooo 

"^"Z^v "^"'^ ^^^^.'^ " ^ "° ^ •PP'««««J. tbe cells formed by the grid lines 

«.e >Jb<a\ amy stown ,n HO. 9 lypicaUy has anay and tbe uoderiymg b.dang are water-u=pe,me.birb.^ 

djmeMjoos between 12 «d 244 mm in width and 8 side barrier, projecting al4ve tbe porous film in 

*H oeUs m Ibe amy having Urns, defined-volume samples can be placed in each^U 
wuJtb and length duieoioo of Vis «rf Vi the may width and 63 without risk of cmss^numination with sample matailTin 

^ «■«, between abont 1 and 20 adj«*ffl cells. In HG. U. defined volumes saStpl^ «S « 

m width and land 50 mm u length. sample 134. are sho*-n in tbe alls ""^P "c" •» 
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As Doted abovx, eacfa «cll oostaios a miooirriy of 'Jb forni ibe aicrDiiTa>; defioed volamcs of diisUDCi 

distina biopolymen. to oot gcDcral embodiiBem, ibc polyoucieoudes vt deposiied oo ibe polvBKr<oitcd slide, 

miownys io ibc wdl tre idcoticil my% of dodoct u doaiwd k Sccuoo D. Avoiding lo to imporum fwrnre 

biopoIyxDcrv cfi^ diffcitm uqamt polynudeoudtt. Such of tbc suhsuiic. tbc deposited polvnuclcoiidcs rcmtio bouaJ 

arrty* oo he fomed id tasnUoce witb the mabods s to ibe ooaKd slide surtace ooD-covftleoUy wbeo so squcous 

deserted id Seoioo II. by depoutiss a first aebaed po)y DNA sample is applied to ibe absnte ooder caoditioos 

oudcoude at the same seleaed microamT posuioD io eacb wfaicfa allow bybridizaiioB of reponer-labekd polynude. 

of tbe cells, ibco deposiimg a secood polysuckodde at a oiito lo the sample to complemeoury.sequeocc (single- 

differeoi mifftairay posiiioo io cscfa well aod ao oo tmiil a stnoded) polyoudcotides io tbe substrste array. Tbe method 

complete* ideotical miciDuny is formed is cect cell. jc b iUvsvaied io Examples 1 aod 2. 

Ill a prtfened embodimeoi, eacb microarray cootaias To illusinie this fcaiuit. t substrate of tbe type iust 

ihiiut m drainci p«»lynm;faitidc tv ptiJ>'pcpiiUe hiupiily. described, but baviog ao amy of samcsequeoce 

men per airfaoe area of leas tbao abotu 1 cm*. Also io a pdlynBclauiOex. ww miscd wiih nunrwceni-hbeled 

preferred embodimeou the biopolymers to escb microamy cQoplcmeotiry DNA tmdcr bvbridizatioo coodiiioos After 

regioD are preseoi u a defioed amoooi beiMweo about 0.1 « wuhjag lo removt ooo^ybridized materisL the sobstrau 

femiomoles aod 100 oaoomoles. ability to form high- was examxoed by low^w fiuoresceocs microscopy Tbe 

deosity arrays of biopolymers, where each regioD is formed «ny cao be XTsualiird by tbe reUiiveW uoiform UbeliM 

of a weU-defioed amouoi of deposited maierul, cso be pattern of tbe array regioos 

adiievcd io accordaoce with tbe microarrayfarmiog method Id a oreferred embodimeot, eacb miaosmy coouios at 

deserted m Sccboo II. , ^ , » least lOP distioct polvoudeotide or polypeptide biopolymen 

Also 10 a preferred embodimem, tbe biopolymen are per stirlac* area of less tbao about 1 cmCk the emto^^^ 

polymicleoiirics having leogths of at least about 50 bp. jbowo io FIG. 5. tbe microamv comsixs 400 iteioos io ao 

subsumisliy looger tbao oligooudcotides which cu be area »r ahiiui 16 mm^, tw 2J5xlO» rcgiiiitowcm^ AUi in a 

formed io higb-deosiiy srrays by schemes iovohing pariUel, preferred embodimeou the polyoueleotides io each miooar. 

stcjvwiie polymer syothcBs 00 tbe amy surface. j, ray regioo are preseot in a defioed amouoi bctweeo about 04 

io the case of a polyoudeotide amy. to ao assay femiomoles tod 100 oaoomoles io tbe case of polynude. 

procedure, a small volume of tbe labeled DNA probe mix. otidea. As above, the ability to form high-demitvman of 

wre io a suodard b>'bndi2auoo solutioo is loaded ooto each this type, where eacb regioo is formed of a w^U-defioed 

cell. Tlie wilutKin will spread Ui vxwer the enure mitnwray amouot of deposited maurial. cao be achieved io aecordaoce 

aod stop at the bamcr clcmcots. Tbe solid auppon is then jo with the microsrray-for ming method described io Seoioo fl 

tocubated io a bumid chamber at the appropruie umperature Also io a preferred embodiment, tbc polynucleotides have 

as required by the assay. leogths of ai least about 50 bp, ix, subsuotialW looeer tbao 

Eacb assay may be csoduoed io ao -opeo-fsce" format oUgooudeotides whid) cao be formed in higbwteosiy amys 

where no further aesling step is required, since tbe hybrid- by various io sioi synthesis schemes, 

izatioo sohitioo will be kept properly hydnted by the water n V Utility 

vapor io the bumid dtamber. Ai tbe coodusioo of the Miaoarrays of immobilized oudeic acid sequeoces pre- 

incubatioo ttep. the entire solid support coouining the pared io aecordaoce with the ioveotioo cso be used for Urge 

oumerous miciosrrays is nosed quiddy eoougb to dihiie tbe scale bybridiianoo assays m oumerous geoetic applicaiioos, 

a^y rcagcats thai ou significint ouss umiaminatioo inchiding geoetic and physical mapping of genomes, Dooi- 

occurs. The entire solid support is theo reaacd with dctec- wiring of gene cxpresium, DNA sequencing, genetic 

tioD reageots if needed and analyzed using studard diapjosis. genotyping of orgaoisms. and distributioo of 

calorimetric, radioactive or ftuoresoeoi detecxioo means. All DNA reageou to researchers. 

processing and dctectioo sups are performed simuhi* For geoc mapping, a geoc or a dooed DNA fragmem is 

oeously to all of the micjoamys oo the solid support bybridiicd to an onfcr«i array af DNA fragmenis. aod the 

eosuring uniform assay conditions for all of the mictoamys 4S idemity of the UNA elcmeots applied to tbe array is uoam- 

uo the solid support. biguously established by the pixel or pattern of pixels of the 

. B. Glass^lide Polyoueleoiide Array array that arc dcteacd. Ooe applicatioo of such arrays for 

FIG. 5 shows a substrttc 136 formed according to another creating a geoetic map is described by Nelson, et aL (1993). 

tspcCL of the invemioo, aod iouoded for use io detectiog lo oonstructing pbysical maps of tbe geoome, arrays of 

binding of labeled polynucleotides lo one or ooore of a so immobilized clooed DNA fragmeots are hybridized with 

phirahty distxoa polynudeotides. Tbc subsu-ate iodudes a other cboed DNA fragmeots u> establish whether tbe clooed 

glass nbstnu 138 bs\ing formed oo its surface, a coatiog fragmeots io the probe mtziure overlap aod are therefore 

of a polycatioQic polymer, preferably a catiooic polypeptide, oootiguous to tbe immobiUxed cboes oo the array. For 

sucb as polylysine or polyarginitte. Formed on the polya- example. Lebrach. et aL, describe such a process, 

tiooic eoating is a microarray 140 of disiioct S5 The arravs of immobilized DNA fragments may also be 

poWnudeotidet. etch localixBd at koown selected amy used for geoetic diagnostics. To illustrau, an array coouio- 

regvins, Kuch ax regttirv^ 142. ing multiple Uwms tif a mulaicd gene iir genoi can he pmhed 

Tbe slide is eoated by placing a imtform-tbickBess film of with a labeled mixture of a paiieot's DNA whicb will 

a polycationic polymer, e.g^ poly-Mysioe, on the surface of prefereoiiaUy ioteraa with on^ ooe of the immobilized 

a slide aod drying tbe film to form a dried coating. Tbe su vtnions of the geoe. 

amount of polycatiooic polymer added is suSdent to £orm The deteatoo of this ioteractioo cao lead to a medical 

at least a mooolayer of polymers oo the glsss suxface. I'be diagnosis. Arrays of immobilized DNA fragmeots cao abo 

polymer film is bound to surface via dectrosutic bioding be used in DNA probe diagnostics. For example, the identity 

betweeo negative silyl-OH groups oo tbe surface aod of a patbogeotc microorganism cao be esublisbed uoam- 

chargcd amine groups in tbc polymers. PoW-l-lysioe coated a biguously by bybridiziog a sample of the unknown patbo- 

glass slides may be obuined commercially, e.g^ from Sigma gen's DNA u> ao array cootaioiog maoy types of knowo 

C b rm i cal Co. (St Louis, Mo.). pathogenic DNA. A similar lecfaaique cao also be used for 
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uiumbipicmsgeDotyping of aDvorginism-Oiher molecules 'j^e following exanspkft ilhttuau. bui is oo wiy are 

of geoetic imeresu sucb u cDNAs aod RNAs ao be iatesded to limii, ibe prescot ioxxoiioxL 
ifflmobllized oo tbe array or altersiiely used as tbe labeled 

probe mixture that is applied to tbe amy. EXAMP1£ 1 

10 ooe appUaiiOT, " ^'^^NAdooa represamofi 5 CeoooicComplcxity Hybridiiatioo to DNA 

geots IS bybndaed wnb iota] cDNA fom ao organom to Miaoamys Rq^mii tbtW^rtJn^^ 

momtorgeDeezpiessiooforte3earcbordiagoQ«>epurpQ». ewntswr Ceoocoe TWo-Color Fluottscew 

Ubeliog toul cDNA from a oormaJ ctU witb ooe color Dw^oT^ *-i"o«*ccni 
fluoropbore aod total cDNA from a diseased cell witb 

aootber color fluoropbore aod simultaoeou&ly bybiidiaag jo -7^^ elenxnis were raodomly aoplibed PCR 

tbe two cDNA samples lo tbe same array of cDNA closes (Boblandcr, et aL. 1992) products usiDg pbysicallv mapped 

aUows for differtotiti geoe ezpressioD to be measured as tbe 1*»W« duoa. of 5. crmtMur geoumk; DNA «s icmpUta 

raiii> cif ihc two nuiin^irc inieittiiioi. This iwiKatkr 0^*^ « *^ 1993). Tbe PCR wts performed direaly oo tbe 

experiment can be used to monitor gene expression in lysates, resulting in an anspUficatioo of botb 
different tissue types, disease states, respocoB to drugs, or 15 ^ ^ Uiobda vecusr aod tbe 5«13 kb vcik insert 

response to eDviroomeoial faciois. An example of tbis »eqttc»ces in ibc form of a uniform distrdnttioo of PCR 

approacb is ilhistmed io Example 2, described witb respect Pn>duct between 250-1501 base pairs in lenptb. PCR 

to HG. 8. product w» purified using Scpbadez G50 gel filtntioo 

By way of example aod witbout implying a limiutioo of (^""acia, Pbwauway, N J.) ind cmcenuated \yy evapo- 

scope, sucb a procedure could be used to aimuluocously 20 dryness ai room tcmpcramrc ovcmigbL Eacb of ibc 

scieeo maoy paiienu against all koown muutioos in a tmplified Umbda dooes was reb)'dnted in 15 ^ of 

disease gene. This ioveotion could be used io tbe form ot for ^xSSC in preparaiioo for ^tiing onto tbe glass, 

example, 96 identical 0.9 cmx2.2 on micriiamyK fahncauul The miaoarrays were fabricated on microsoopc alides 

on a single 12 cmxlS cm sbeet of plastic-backed niuocel- ^*ch were cnated with a layer nf poly.Ulysune (Sigmi). Tlte 

lulose wbere eacb msooaziay couid contain, for example, u ^utooBaied appararus described in Seaioo III k>aded 1 ^ of 

100 DNA fragmeots repicseotiog all known mutatiou of a concentrated lambda ck)oe PCR product in 3xS5C 

given gene. Tbe region of interest firom eacb of tbe DNA directly from 96 well siungc plaick imu tbe upcn capillary 

samples from 96 pabeots could be amplified, labeled, and priotiog element and deposited -5 nl of sample per slide at 

hybridized to tbe 96 individual arrays witb each assay micron spacing between spots, 00 eacb of 40 slides. Tbe 

performed io 100 microliters of hybrid iaatioo soltuion. Tbe x P*^™** repeated for all 864 samples and S control ^ts. 

approximately 1 thick silicone rubber barrier elements spotiiog operation was complete, tbe slides were 

between individual amys prevent rmm-rtmHTniniiion of rehydraied in a humid chamber for 2 hours, baked in a dry 

tbe patient samples by sealing tbe pores of tbe oitrocelhilose ^ vacuum oven for 2 hours, rinsed to remove unabsoibed 

and by acting as a physical barrier between each micToarray. ueatcd with mccinic anhydride u) reduce 

The solid support cooiainiag all 96 miaoarrays assayed with iS o^-spccific adaorptioo of the labdcd hybridization probe to 

tbe 96 patient samples is iocubated, rinsed, detected and poty-Mysine coated glass surface. Immediately prior to 

analyzed as a single sbeet of material tising standard immobilized DNA 00 tbe array was deoatuied io 

radioaaive, fluoresceot, or oolorimetric detection means distilled water at 90* for 2 minutes. 

(Maniatas, et aL, 1989). Previously, sucb a procedure would Tor the pooled cbiomosome experiment tbe 16 cfatDiDO- 

involvc the handling, priKSKingaiul tracking of 96 leparate ao soa>es of ^Accharomyco cerrvuiae were separated in a 

membranes is 96 separate sealed chambers. Oy processing CHEF agarose gel apparatus (Biorad. Richmond, Calif.), 

all 96 arrays as a single sbeet of material, significant time The six largest chromosomes were isolated io ooe gel slice 

aikl cost savings are possible. aod tbe ten smallest chromosomes in a aecood gel slice. Tbe 

The assay format can be reversed wbere tbe pattern or DUA was recovered using a gel extraction kit (Qiagen, 
organism's UNA is immobilized as tbe array elements and 45 Chaiswimh. Calif.). The iwu dirumuuimc puuU were no- 
each array is hybridized with a different mtuated allele or domly amplified io a manocr similar to that for the 
geoetic marker. T^ grtdded solid suppon can also be used target lambda dooes. Following amplification, 5 micio- 
for parallel noo-DNA ELISA assays. Funhcrmorc. the grams of eacb of tbe amplified chromosome pools were 
ioventioD allows for tbe use of all standard detecticKi meth- separately random*primcr labeled using Klenow pol>incrasc 
ods without the oeed to remove tbe shallow barrier elemeou sc- (Amer^ibaffl, Arlmgtoo Hcigbts, Ul.) with a lissamioe coo- 
to carry out tbe detection step. jugated nucleoude aoak>g (Dupont NHN, Bo&too, Mass.) for 

b addition to the geoetic applicatfons listed above, amys P<^l containing the stx larger chmmaxnmuk and with a 

of whole cells, peptides , cozymes, antibodies, antigens, tiuoreacein ooojugated nudeoiide analog CBMB) for tbe 

receptors, ligaods, pbospbolipids, polymen, drug cogeoer poo\ ooouining ten smallest chromosomes. Tbe two pools 

preparations or chemical stihwtaocrs can be fabricated by tbe 55 mixed aod cooceoiraied using ao ultrafiltratioo device 

means desctdved in ttns isventioD for large scale screening (Amicoo, Danverv. Mass.). 

a.NKayK in medical diagfUKticss drug dtNaivery. rmilcoiUr Fi\x micrograms of tbe hybridization probe coosisiing of 

biobgy, immuoology aod toxicology. both chromosome pools in 7^ >a of TE was denanired in a 

Tbe multi<ell substrate aspect of tbe io\*entioo allows for boiliog water bath and then snap cooled on ice. 2S /d of 

the rapkl aod convenient screening of many DNA probes et* cooceou^aied hybridization solutioo (SxSSC aod 0.1 Sfc SDS) 

against maoy ordered arrays of DNA £ragmeats.l>>iselimi- was added and all 10 ^ transferred to the array surface, 

nates tbe oeed to handle and detea many individual arrays covered with a cover slip, placed in a cusiom*buili single * 

for performing mau screenings for geoetic research and slide humidity chamlwr and inculuied at 60* for 12 Imurx. 

diagnostic applicatiois. Numerotts microarrays can be fab- Tbe slides were tbco rinsed at room temperature io O.lxSSC 

ricaicd 00 the same solid sippon and each microarray C5 and 0.1% SDS for 5 mioutes, cover slipped aod scanoed. 

reacted with a different DNA probe while the solid suppon A custom built laser Suoresceni scaooer was used to 

is poccsscd as a single sheet of material. detect tbe two-color hybridizjiioo signals from the 1.8x1^ 
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em ainy at 20 micron tnoluiioo. teaoDcd image wu «.aioB id i mamier similar to kaapU 1 Kiaunt aad 

Kn<U«laad analyzed Bsmgcuirami^^^ toecuoa of bybndiuiion wu aiiope^i STSiiS 

After orreoint far opual enaualk between Ifae flnim. uahu lo Example 1. RG. « «bow» ite iwUiint faTbridia. 

phores due to iherr ovcrlappag cmiuion spccin. ibc red and tioo ptnoo of ibc amy. ^ • 

green bybiidizatiaD values far caeb done on the amy we s - 

correbted le tbe kBO«vn pb>^l map pviiioB of Ibe etae eovally esprcsaed in wild type asd tbe traasgcBie 

resulting to a compvter-tnerated eolw biyoiypc of the ^»«^P»» appeared yellow due to equal cantrteuiians of 

veaf t genome. ** ""^ fluoresoeoa to ibc final aignaL Tbe dou 

■ nC. 6 sfao«3 tbe bybridizaiion patten, of the two eb„^ ^^f^I'^T^'n^!^'^.^'*"*''"^ 

ooioae pools. A led signal indicates thai tbe Unbda cbae ic S~.'?^„7h 1x1 wpreienting tbe wo- 

on tbe array surface contains . doned geooaic DNA seg- ^T^IJ^^TI,.''^'^ *« «"'«»»enic line of 

ment&omoneof thesixl«gcstyc.».etaaaosoae».Agrc« ^^!!" J^"^^ i« wiW type 

signal indicates tbai tbe Umbda doee insert comes from one JS?^ T^^^i r"^ 

of the ten smallest yeast duomosomes. Orange signaU t^^^ ^^JTIT^ "P.e«.D of tbe tn^aipUuo 

indices ,epe.i.iveseqien«swbid,crossb,bSlSn » «SSU u^oftxiSn ^J^^ ^ 

^^r^ p«H. Q,nnol spotso^ amy confirm .bat ^uSSl'I^I^'X: » ^ 

The pbysoJ m»p locuion* of the geooanc DNA frig- ^ »(iviniige nf the micmtrrty hyhridiTaiinn fcmnti for 

mcDts coDUised in each of tbe clones used as mtsv clemems ^ ^^SS^"^" is tbe high ptnisl coDcctantxoo of 

hsve heen prri-inusb* deiermined b>- OI«in and ffvwnrkcr^ cDNA speci&s acfaicvable to tbe 10 microliter hybrid- 

(RiJcs, ci tL), iDowing for tfac automatic gcscratioo of tbe reaawn. This bigb panial fflneemntico allows for 

color karyotype shown in HG. 7. Tht color of a cbromo- ^^^^ of iranscnpis without tbe oeed for PCR 

somal seciioa oo the karyotype coiropoods to tbe coksr of »™P'^"^o of bybndizauoo probe wbicb may bias tbe 

tbe amy clemeoi coDUinkg tbe dooe ^om that aectioiL Tht ^'^^ rrprcscouuon of each disoeie cDN A speoes. 
bUck regionsof the karyotype represea labe oegative dark ^ Ctcrtc eipressicm Kiudie^ Miuh »i ihe« can he uncU for 

spots 00 tbe array (10%) or regions of tbe geoome not fwmjcs researcb to discover wbicb genes are expressed io 

covered by tbe Olson clone L*brary (90%). Note that the six '^icb cell types, disease suies. development states or 

largest chromosomes are mainly red while the ten amaliest eoviroomeoul cooditMans. Ceoe cxpr«sion studies can also 

chromosomes are mainly green, thus matching the original ^ used for diagxxxsis of disease by empirically conelatinfi 
CHEF gel isulatiun uf the bybridixaiiun prubc. Areas uf the ^ g^oe ezpressioo pattens to disease suies. 
red chromosomes conuining green spots and \')ce-vecsa are 

probably due to spurious sample tracking erron in the EXAMPLE. 3 
formation of the original l&rary and in tbe an^lificatioo and 

spotting piDcedurw. Multiplexed Colohmctric Hybridizaiioo oo a 

The yeast genome arrays have also been probed with * Gridded Solid Support 
individual clones or poob of clones that are fiuoresoeotly 

bbekd for pbytical iDspping purposes. The hybndizatioD A sheet of plastic -backed nitrocelluiosc was gridded with 

signab of these clones to the amy were tnnslaied imo k>*"i" elemenu made bT>m lilicoDc rubber according to tbe 

pfwiiinm on the physical map of the yea« genome. descnptioD in Seaioo IV. A. The sbeci was soaked in 

lOxSSCaod alkjwed todry. AssbowD inFlG. 12, 192M13 

£XAM?1£ 2 clones, each wiib a different yeaii inseru were amyed 400 

^ , ^1.,. « ^ ^ w , aparnnfiiurHuailranLs of the !-ilid.suppiiri using the 
Total cDNA Hybndtred to Miao Arrays of cDNA automated device described io Section ni. Tbe bottom left 
Clones with Two-Color nuoresoem Detection quadriDi served as a negative cooirol for bybridiiaiion, 
Tweotyfour clones containing cDNA inserts from the "^"^^ °J otbcr ihr« quarinnis was bybririizerf 
plamAiabidopsis were ainpIifiediisingHCR. Sail was added *^ » different oligonucleotide using the 
to tbe purified PCR pioduas to a final ooncentratnn of icchoology described m Section 
3x5KC. The cONA clones were sponed on polv-Hr^inc ^ ^"^T? elements of each amy arr 
coated miaoscDpc slides in a manner similar to Example 1. 50 ^"^^ caJorimcixic dcicaion step. 
Anaong the cDNA clones was a done representing a trao- oligoouclcotidcs were labeled ^-iib fiuorcsccin, 
soiptioa factor HAJ4, which had previously been used to wbicb was delected usmg an ant i -fluoresce in antibody coo- 
create a transgenic tine of the plant Arabidopsis. in which jugated to alkaline pbo&pbatase that precipitated an N6T/ 
this gene is present at ten times tbe level found in wild-type BCIP dye 00 tbe solid support ( Amersbam). Pcrf ea matches 
Arabidopsb (Schena, ei aU 1992). 33 between ibe bbeled oUgos and tbe M13 clones resulted in 
Total poly-A mRNA from wQd type Arabidopsis was visible to ine naked eye and deteaed using an 
Nilaisd wungittanUari] methods (Maniatix et aU 19ft9) and opiicaJ scanner (HP ScanJet 10 atucbed to a personal 
reverse tranacrted into total cDNA. ustng 1 fluorescein computer. Tbe bybndiuuoo puiems are different in every 
nucleotide analog to label tbe cDNA product (green quadrant indicating that each oligo fouod several unique 
fluorescence). A similar procedure was peifonned with the 6u ^^'^ (^oe^ Irum amung ihc 192 with a perfect ^ucocc 
transgenic line of Arabidopsis wbere the transcription factor maicb. Note ibai tbe open capillary printing tip leaves 
HA14 was inscrud into the genome using standard gene detecuble dimples 00 tbe niirocelluJose which cao be used 
transfer protooob. cDNA copies of tnRNA from tbe trais- ^ auiomaiicaUy align and analyze the images, 
genie plant arc labeled with a Ibsamine nucleotide aoabg Although the invcniwn bas been described with respect to 
(red fluoresccocc). Two micrograms of the cDNAproduas 65 specific cmbodimcnis and methods, ii will be dear that 
from each type of plant were pooled together and bybridiied various changes and modificatioo may be made without 
to the cDNA clone amy in a 10 micrnUicr bybridiiaiion departing from tbe invention 
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U%cUim: 

L A neibod of fbrauDg a microaxny of discrete aotlytt* 
uuv icgioftt 00 a solid suppon, wbere csdi discrete rcgioo 
ID tbc fflicroansy has a selected, aaalytc-spedfic reagcou 
uid tDctbod comphsiii^ 

(a) badtog as aqueous solniioo of i Klcoed toalyte- 
specific resceox ia a rea^i^Kli^eosuqQ device baviag 
an ekwigate aptlUo' channel adapted m hnld a quantity 
of (be rcagem solutioo aod baviog a tip regioa at wlucb 
the solution ia tbc cfaaoael fonas a 

(b) lappiac tbe of the dispeasiag device agaiast a solid 
uppon at a defiaed positioo oo the snrfaee, wiib aa 
iiapube eHective lu fanak the 'r*^'*^*^ ia tbc capLflary 
cbanael aad deposit a selected votame betwcca OJXH 
aod 2 nl of sohitioa oo tbe surface, aad 

(c) repeating sicps (a) and (b) until said miaoamy is 
fomxd. 

2. Tbe oetbod of claim 1, wtaeictn tbe reagentt used to 
form tbc discreu regions ia tbe mioDamy arc dtstioct 
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ouclcic add struds aad wbereia ste|» (a) and fb) art 
repealed umD tbe miaoamy has about 100 or laort discrete 
regions of distiaci audcic add suaads per ea' of solid 
suppoa 

3. Tbe laetbod of claim I, wbereia tbe rcagcna used to 
form ibe dismc regions ia tbe micioarray arc distiact 
nucleic acid stnndR and m-faerein *sejm (a) and 00 
repeated until ibe micioamy bas about 1000 or iDore 
^tacxtr^oos of distinct ouckic add straads per cxc= of 
solid suppoA. 

4. Tbc metbod of claim 2, wfaereia tbe cbanael is opeo- 



5, Tbe loetbod of claim 3, wbereia tbe cbanael is open- 
sided. 

<. Tbe metbod of claim 4, wbereia tbe voluBx is between 
OSm and 0^ nl 

7. Tbc metbod of claim 5, wbcretn tbc volume is between 
0.002 aad 0.25 nl 



